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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicants : 



Mattias HELLGREN et al . 



Serial No. : 



New 



Filing Date: 



April 4, 2 0 02 



For : 



ANTENNA MEANS 



PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, D.C. 20231 

Sir : 

Prior to initial examination, please amend the above- 
identified application as follows: 



On page 1, immediately following the title, please insert the 
following sentence: --This is a nationalization of PCT/SE00/01933 
filed October 4, 2000 and published in English. -- 

IN THE CLAIMS 

Please amend claims 3, 4, 5, 7, 8, 11 & 13-16 as follows: 

3. (amended) The antenna means according to claim 1, characterised 
in that said conductive radiating structure (10) having a total 
length of A/4 -A at a frequency in the frequency band to be received 
and/or transmitted by the antenna. 

4. (amended) The antenna means according to claim 1, characterised 
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in that said conductive radiating structure (10) being a flexible 
film attached to a dielectric substrate. 

5. (amended) The antenna means according to claim 1, characterised 
in that said conductive radiating structure (10) exhibits at least 
a planar section, said planar section is forming an angle (a) with 
said ground plane means, where (a) is in the range of 30-150°. 

7. (amended) The antenna means according to claim 1, characterised 
in that said conductive radiating structure (10) being meander 
shaped . 

8. (amended) The antenna means according to claim 1, characterised 
in that it further comprises a tuning/matching means (16) for 
tuning/matching to one or multiple frequencies. 

11. (amended) The antenna means according to claim 1, characterised 
in that it further comprises at least one bridge connector (18) 
being an electrical conductor with a first end and a second end, 
each connected to different parts of said at least one elongated 
open loop. 

13. (amended) The antenna means according to claim 11, 
characterised in that said tuning/matching means (16) is arranged 
close to said bridge connector (18) for forming a capacitive and 
inductive coupling therebetween. 

14. (amended) The antenna means according to claim 11, 
characterised in that said bridge connector (18) is meander shaped. 
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15. (amended) The antenna means according to claim 1, characterised 
in that the first end of the conductive radiating structure (10) is 
coupled to ground. 

16. (amended) An antenna assembly including an antenna means (1) 
according to claim 1, wherein the assembly comprises at least one 
further antenna element for transmitting/receiving radio frequency 
signals, for instance, a GPS antenna. 
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REMARKS 



The foregoing Preliminary Amendment is requested in order to 
delete the multiple dependent claims and avoid paying the multiple 
dependent claims fee. 

Attached hereto is a marked-up version of the changes made to 
the specification and claims by the current amendment. The 
attached page is captioned "¥ERSIQltJKITHJMARKINGS_^ 



Early action on the merits is respectfully requested. 



400 Seventh Street, N.W. 
Washington, D.C. 20004-2201 
(202) 638-6666 

Atty. Docket: P67724US0 
Date: April 4, 2002 
JCH/cmf 



MADE . , 



Respectfully submitted, 



JACOB SON HOLMAN PLLC 



By 
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IN THE CLAIMS 



3. (amended) The antenna means according to claim 1 [or 2], 
characterised in that said conductive radiating structure (10) 
having a total length of A/4 -A at a frequency in the frequency band 
to be received and/or transmitted by the antenna. 

4 . (amended) The antenna means according to claim 1 [any of the 

claims 1-3] , characterised in that said conductive radiating 
structure (10) being a flexible film attached to a dielectric 
substrate . 

5. (amended) The antenna means according to claim__l [any of the 
claims 1-4] , characterised in that said conductive radiating 
structure (10) exhibits at least a planar section, said planar 
section is forming an angle (a) with said ground plane means, where 
(a) is in the range of 30-150°. 

7. (amended) The antenna means according to claim 1 [any of the 
preceding claims] , characterised in that said conductive radiating 
structure (10) being meander shaped. 

8. (amended) The antenna means according to daim„l [any of the 
preceding claims] , characterised in that it further comprises a 
tuning/matching means (16) for tuning/matching to one or multiple 
frequencies . 

11. (amended) The antenna means according to claim 1 [any of the 
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preceding claims] , characterised in that it further comprises at 
least one bridge connector (18) being an electrical conductor with 
a first end and a second end, each connected to different parts of 
said at least one elongated open loop. 

13. (amended) The antenna means according to claim 11 [or 12], 
characterised in that said tuning/matching means (16) is arranged 
close to said bridge connector (18) for forming a capacitive and 
inductive coupling therebetween. 

14. (amended) The antenna means according to claim 11 [-13], 
characterised in that said bridge connector (18) is meander shaped. 

15. (amended) The antenna means according to claim_l [any of the 
preceding claims] , characterised in that the first end of the 
conductive radiating structure (10) is coupled to ground. 

16. (amended) An antenna assembly including an antenna means (1) 
according to claim 1 [any preceding claim] , wherein the assembly 
comprises at least one further antenna element for 
transmitting/receiving radio frequency signals, for instance, a GPS 
antenna . 
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ANTENNA MEANS 

FIELD OF THE INVENTION 

The present invention relates to an antenna means in general and 
specifically to an antenna means for transceiving RF signals in 
5 at least a first frequency band. 

DESCRIPTION OF THE RELATED ART 

With the recent rapid progress of electronic communication 
technique, communication apparatuses having a higher function 
and smaller size have been developed and utilised for various 
10 kinds of mobile communication apparatuses. 

Antenna means transmitting and receiving (transceiving) RF- 
signals on a single or dual frequency band are well known for a 
long time. Antennas according to the state of the art including 
single band antennas demands generally a quite large amount of 
15 space, which make them unpractical for use where there is a need 
for small and efficient antenna means. 

A quarter wave monopole 1A shown in figure la has a wide spread 
use due to its simplicity and good match for single band 
application where its height (generally written, X/ 4 which is 80- 

20 90 mm for 800-900 MHz) is acceptable. It is for car applications 
generally made of a metallic pin inside some more or less fancy 
designed plastic tube. A bigger diameter (or wider strip if made 
as a circuit board) will increase the bandwidth and external 
matching components can be used for the same purpose . The 

25 quarter wave monopole needs a ground plane which here is 
understood a rather big area of conducting material (having a 
diameter of one or more X at the operating frequency of the 
antenna) which is a problem. 

A so called L antenna IB is shown in fig lb. The main radiation 
30 in such a structure comes from the vertical part with respective 
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to a ground plane means 20 which by itself can be said to be a 
short monopole . The horizontal part is not radiating in 
proportion to its length but is rather a top loading to the 
vertical part. The top loading makes the radiating resistance up 
to 4 times higher than the monopole alone a fact which increases 
the bandwidth. Depending on the height of the vertical part the 
bandwidth can be sufficient for single band telephony in spite 
of a height in the order of X/8 . The band width will typically 
increase to the second or third power as a function of the 
height. Still multiband service is difficult to achieve and one 
obvious reason is that the total length is typically X/4 which 
indicates drastically different matching conditions at twice the 
frequency when the height corresponds to X/2 which is a problem. 

The United States Patent US 5 629 712 discloses a vehicular 
radio reception antenna which is concealed within a body trim 
piece. Said antenna comprising a metal ground plane and a 
conducting loop connected to the ground plane at its first and 
second ends . Said loop circumscribes a slot area between the 
ground plane and the conducting loop. The length of the slot is 
selected to be X/2 wavelength in the desired frequency band to 
be received by the antenna. 

Since this kind of antenna is adapted to receive FM and/or AM 
signals said *s wavelength of the slot corresponds to about 1.5 
meters which is a problem when the cubic capacity is scarce. 
Another problem is that said antenna is dependent on the shape 
of the car. Yet another problem is that said antenna requires 
external components such as capacitors or inductors for power 
compensation and frequency matching. Still another problem is 
that said antenna does not exhibit an omnidirectional radiating 
pattern. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an antenna 
means which overcomes or at least reduces the above mentioned 
problems . 

5 According to the present invention there is provided an antenna 
means as claimed in claim 1 . 

One advantage with the present invention is that the feeding of 
the antenna means is very simple. 

Another advantage with the present invention is that the antenna 
10 is relatively simple to manufacture. 

A further advantage with the present invention is that the 
antenna shows a good omnidirectional radiating pattern. 

Yet another advantage with the invention is that due to its 
flexibility it can operate in at least one frequency band. i.e. 
15 dual or multiple bands. 

Yet another advantage is that with the radiating structure 
according to at least one of the embodiments of the invention it 
is relatively easy to alter for dual/multiple band operation 
with tuning/matching means . 

20 Yet another advantage with the present invention is that the 
different parts of the antenna can easily be stored before 
assembling said antenna. 

Yet another advantage with the present invention is that the 
antenna layout is relatively easy to alter. 

25 Yet another advantage with the present invention is that single 
, band performance is very good within a low height and multiband 

performance is good within the same height. 
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The invention will now be described in more detail with 
reference to preferred embodiments thereof and also with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure la shows a development stage of an antenna device 
according to the state of the art. 

Fig lb shows a further development stage of an antenna device 
according to the state of the art. 

Figure 2 shows a first embodiment of an antenna device 
according to the invention arranged on a ground plane means. 

Figure 3 shows a second embodiment of an antenna device 
according to the invention arranged on a ground plane means. 

Figure 4 shows a third embodiment of an antenna device 
according to the invention arranged on a ground plane means . 

T 

Figure 5 shows a fourth embodiment of an antenna device 
according to the invention arranged on a ground. plane means. 

Figure 6 shows a fifth embodiment of an antenna device 
according to the invention arranged on a ground plane means. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

In this disclosure it is to be understood that the antenna 
system of the invention is operable to receive and/or transmit 
(transceive) radio signals. Even if a term is used herein that 
suggests one specific signal direction it is to be appreciated 
that such a situation can cover that signal direction and/or 
its reverse. 
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Fig. la and lb is described in connection with the prior art 
above . 

With reference to Figure 2, a first embodiment of an antenna 
device 1 according to the invention is shown- The antenna 
device is arranged for transmission/reception of RF waves in at 
least one frequency band, e.g. in the 900 MHz band. 

The antenna device 1 is to be connected to a radio 
communication device (not shown) arranged to a vehicle. As 
shown in the figures, the antenna device 1 is arranged on a 
ground plane means 20, such as a vehicle body. This ground 
plane means 20 will act as a ground plane. The ground plane 
means 2 0 can be replaced by a conductive ground plane of proper 
size in a radio communication device, e.g. a PCB (printed 
circuit board) . 

The antenna device 1 comprises a conductive radiating structure 
10 for transmission/reception of RF waves in said frequency 
band (s ) . 

The conductive radiating structure 10, being in. this embodiment 
essentially rectangular shaped, comprises a first end 12, a 
second end 14, a tuning/matching means 16 and an bridge 
connector 18. A second elongated open loop (or internal 
elongated open loop) in said structure 10 is defined by the 
path from the first end to the second end via the bridge 
connector 18. A first elongated open loop (or an external 
elongated open loop) is defined as a longest path from the 
first end to the second end in the conductive radiating 
structure 10. In Fig. 2 the tuning/matching means 16 is with a 
first side capacitively and inductively coupled to a second 
side of the bridge connector 18 and partly with a second side 
capacitively and inductively coupled to a common side of the 
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rectangular shaped first and second elongated open loops 
located closest to the ground plane. Said bridge connector 18 
having a first side capacitively and inductively coupled to a 
side of the first rectangular shaped elongated open loop 
5 located furthest away from the ground plane. The opening 17 of 
the first and second elongated open loop structures is in this 
embodiment located at a corner of the rectangel between the 
tuning/matching means 16 and the ground plane means 20. 
However, the opening 17 can be arranged somewhere along the 
10 common side of the first and second elongated open loops. 

Due to the frequency dependence of the inductive coupling the 
second elongated open loop has a small influence to the lower 
frequency band but much higher to the higher frequency band. 
15 Thus a more efficient optimization is possible for two or 
multiband service. 

The conductive radiating structure formed as an elongated open 
loop 10 is to be connected to a transmission/feed, for example 
20 a coaxial cable 19, at its second end 14, being in this 

embodiment a feed portion 15. The feed line is connected to 
transceiver circuits of a radio communication device. 

The first end 12 of conductive radiating structure 10 is 
25 connected to ground. The distance between the first end 12 and 
the second end 14 along the second elongated open conductive 
radiating structure is in the range of X/A-X, where X is the 
wavelength of the desired frequency in the frequency band to be 
received/transmitted by the antenna. The first elongated open 
30 loop can be tuned to its desired frequency by adjusting said 
distance between the first and second ends 12, 14, by cutting 
at the second end 14 of the conductive radiating structure 10. 
The distance between the first end 12 and the second end 14 
along the first elongated open loop is dependent on the choice 
35 of frequency band. If the second elongated loop is adjusted to 
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operate at a frequency at 1800 MHz and the first elongated loop 
is adjusted to receive a frequency at 900 MHz the relation 
between the distance between the first 12 and second ends of 
the first and second elongated loop is about 2:1. 

5 

The conductive radiating structure 10 is arranged on a ground 
plane means 20. The first end of the radiating structure is 
preferably capacitively connected to ground but can 
alternatively be galvanically connected to ground. If 

10 galvanically connected to ground said first end of the 

radiating structure can be provided with connection pins 
passing through holes in the ground plane means 20 acting as a 
ground plane or through holes in a metallic sheet acting as a 
ground plane. The pins are then preferably soldered to the 

15 ground plane means 20 or the metallic sheet. 

The ground plane means 20 with a conductive portion of a proper 
size is sufficient for the antenna function, and the antenna 
device 1 can be mounted to a vehicle. However, if the antenna 

20 device 1 is mounted at a small height e.g. 0.5 mm above a 

vehicle roof or body, conductive portions of the vehicle are 
coupled, preferably capacitively, to the ground plane means 20. 
In this case said conductive portions also act as ground plane. 
However, the radiation of the antenna is dependent on the size 

25 of the ground plane. 



The conductive radiating structure 10 is shown to be arranged 
orthogonal to the ground plane means 20. As mentioned above the 
first end of the conductive radiating structure is galvanically 

30 or capacitively coupled to the ground plane means 20. The 
second end of the conductive radiating structure is 
electrically isolated from the ground plane means 20. A 
transmission/feed line e.g. a coaxial cable 19 is with its 
electrical shielding connected to ground or directly to the 

35 first end of the radiating structure. A central conductor in 
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the coaxial cable 19 is connected to the second end of the 
conductive radiating structure. 

The conductive radiating structure 10 is preferably 
5 manufactured by stamping or cutting out the structure from a 
conductive plate e.g. metal plate. The width of the first and 
second elongated open loops in the conductive radiating 
structure 10 in the plane of the radiating structure is 
essentially larger than the thickness perpendicular to the 

10 plane of the structure. Said radiating structure can be 

arranged to a dielectric substrate by means of rivets, screws, 
glue, tape or other equivalent means. Alternatively, said 
radiating structure could de made out of a electrical conductor 
having for example a round, rectangular or triangular cross 

15 section. The structure could in a further alternative be formed 
on a dielectric carrier by printing or etching. 

A surface defined by the conductive radiating structure is 
preferably orthogonal to the ground plane. However, said 
20 surface of the structure can be arranged at an angle a with 
respect to said ground plane, where said angle a is in the 
range of 30-150°. Said surface of the structure is preferably 
plane but can be curved or folded in a C-shaped* or V-shaped 
manner respectively. 

25 

The direction of polarisation is orthogonal to the ground 
plane. The loop structure 10 radiates the desired frequency in 
a omnidirectional pattern. 

30 With reference to Figure 3, a second embodiment of an antenna 
device 1 according to the invention is shown. The antenna 
device is arranged for transmission/reception of RF waves in at 
least one frequency band, e.g. in the 900 MHz band. 
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The antenna device 1 is to be connected to a radio 
communication device (not shown) arranged to a vehicle. As 
shown in figure 3, the antenna device 1 is arranged on a ground 
plane means 20. The ground plane means 20 could be a conductive 
5 ground plane of proper size in a radio communication device, 
e.g. a PCB (printed circuit board) . 

The antenna device 1 comprises a conductive radiating structure 
formed as an elongated open loop 10 for transmission/reception 
10 of RF waves in said frequency band(s) . 

The conductive radiating structure formed as an elongated open 
loop 10, being in this embodiment essentially rectangular 
shaped, comprises a first end 12 and a second end 14. Said 

15 conductive radiating structure formed as an elongated open loop 
further comprises tuning/matching means 16, 17. Said 
tuning/matching means being elements for tuning the radiating 
structure to the desired operating frequencies by the antenna. 
In this embodiment the tuning/matching means 16 is with a first 

20 side capacitively and inductively coupled to a side of the 

rectangular shaped elongated open loop structure being located 
furthest away from the ground plane means 20 and partly with a 
second side to a open portion (17) of said elongated open loop 
structure being located closest to the ground plane means 20. 

25 

The conductive radiating structure formed as an elongated open 
loop 10 is to be connected to a transmission/feed, for example 
a coaxial cable 19, at its second end 14 being in this 
embodiment a feed portion 15. The feed line is connected to 
30 transceiver circuits of a radio communication device. 

The first end 12 of the conductive radiating structure formed 
as an elongated open loop 10 is connected to ground. The 
distance between the first end 12 and the second end 14 along 
35 the conductive radiating structure formed as an elongated open 
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loop is in the range of X/4-X, where X is the wavelength of the 
desired frequency in the frequency band to be 

received/transmitted by the antenna. The conductive radiating 
structure formed as an elongated open loop 10 can be tuned to 
5 its frequency by adjusting said distance between its the first 
and second ends 12, 14, by cutting at the second end 14 of the 
conductive radiating structure formed as an elongated open loop 
10 . 

10 The conductive radiating structure formed as an elongated open 
loop 10 is arranged on a ground plane means 20. The first end 
12 of the conductive radiating structure formed as an elongated 
open loop 10 is preferably capacitively connected to ground but 
can alternatively be galvanically connected to ground. If 

15 galvanically connected to ground said first end of the 

conductive radiating structure formed as an elongated open loop 
can be provided with connection pins passing through holes in 
the ground plane means 20 acting as a ground plane or through 
holes in a metallic sheet acting as a ground plane. The pins 

20 are then preferably soldered to the ground plane means 20 or 
the metallic sheet. 

The ground plane means 20 with a conductive portion of a proper 
size is sufficient for the antenna function, and the antenna 

25 device 1 can be mounted to a vehicle. However, if the antenna 
device 1 is mounted at a small height e.g. 0.5 mm above a 
vehicle roof or body, conductive portions of the vehicle are 
coupled, preferably capacitively, to the ground plane means 20. 
In this case said conductive portions also act as ground plane. 

30 However, the radiation of the antenna is dependent on the size 
of the ground plane. 

The conductive radiating structure formed as an elongated open 
loop 10 is shown to be arranged orthogonal to the ground plane 
35 means 20. As mentioned above the first end of the conductive 
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radiating structure formed as an elongated open loop is 
capacitively or galvanically coupled to the ground plane means 
20. The second end of the conductive radiating structure formed 
as an elongated open loop is electrically isolated from the 
5 ground plane means 20, i.e. ground. A transmission/feed line 
e.g. a coaxial cable 19 is with its electrical shielding 
connected to ground or directly to the first end of the 
conductive radiating structure formed as an elongated open 
loop. A central conductor in the coaxial cable 19 is connected 
10 to the second end of the conductive radiating structure formed 
as an elongated open loop. 

The conductive radiating structure formed as an elongated open 
loop 10 is preferably manufactured by stamping or cutting out 

15 the structure from a conductive plate e.g. metal plate, i.e. 
manufactured in one piece. The width of the conductive 
radiating structure formed as an elongated open loop in the 
plane of the radiating structure is essentially larger than the 
thickness perpendicular to the plane of the structure. Said 

20 radiating structure can be arranged to a dielectric substrate 
by means of rivets, glue, screws, tape or other eguivalent 
means . 

A surface defined by the conductive radiating structure 10 
25 formed as an elongated open loop is preferably orthogonal to 
the ground plane. However, said surface of the conductive 
radiating structure formed as an elongated open loop can be 
arranged at an angle a with respect to said ground plane, 
where said angle a is in the range of 30-150°. Said surface of 
30 the conductive radiating structure formed as an elongated open 
loop is preferably a plane surface but can be curved or folded 
t in a C-shaped or V-shaped manner respectively. 

The direction of polarisation is orthogonal to the ground 
35 plane. The conductive radiating structure formed as an 



WO 01/26182 



12 



PCT/SE00/01933 



elongated open loop 10 radiates the desired frequency in a 
omnidirectional pattern. 

With reference to Figure 4, a third embodiment of an antenna 
device 1 according to the invention is shown. The antenna 
device is arranged for transmission/reception of RF waves in at 
least one frequency band, e.g. in the 900 MHz band. 

The antenna device 1 is to be connected to a radio 
communication device (not shown) arranged to a vehicle. As 
shown in the figure, the antenna device 1 is arranged on a 
ground plane means 20, such as a vehicle body. This ground 
plane means 20 will act as a ground plane. The ground plane 
means 20 can be replaced by a conductive ground plane of proper 
size in a radio communication device, e.g. a PCB (printed 
circuit board) . The radiation from the antenna device is 
dependent on the size of the ground plane. 

The antenna device 1 comprises a conductive radiating structure 
10 formed as an elongated open loop (EOLA) for 

transmission/reception of RF waves in said frequency band(s) . 

The conductive radiating structure 10, being in this embodiment 
essentially meander shaped, comprises a first end 12 and a 
second end 14 . The conductive radiating structure can be seen 
as derived from an L antenna with a second vertical part added 
and also a horizontal bottom part. The last horizontal part is 
radiating very little due to its position close to the ground 
plane. Its important mission however is to be a kind of low 
reactive impedance load (as compared to an open end) to the 
second vertical part in order to enable a second vertical 
current. Furthermore it is possible to chose parameters to give 
said reactive impedance a size appropriate for adjusting the 
phase of said current so that the current in the two vertical 
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parts are co-operating in order to increase bandwidth and make 
the radiation omnidirectional. 

In some applications (like a car or a boat with a plastic roof) 
5 a very small ground plane can be used and the flexibility of 

the radiating structure formed as an elongated open loop allows 
the tuning of the antenna to the small ground plane in spite of 
the difference of the impedance conditions. The small ground 
plane is here defined as a plane having a radius being less 
10 than X at the desired operating freguency by the antenna. 

The conductive radiating structure 10 is to be connected to a 
feed line, which could be any type of transmission/feed line, 
at its second end 14 . The feed line is connected to transceiver 
15 circuits of a radio communication device. 

The first end 12 of the conductive radiating structure 10 is 
connected to ground of the radio communication device. The 
distance between the first end 12 and the second end 14 along 
20 the conductive radiating structure 10 is in the range of A./4-X., 

T 

where X is the wavelength of the desired freguency in the 
freguency band(s) to be received/transmitted by the antenna. 
The conductive radiating structure can be tuned" to its 
freguency by adjusting said distance between its the first and 
25 second ends 12, 14, by cutting at the second end 14 of the 
conductive radiating structure 10. 

The conductive radiating structure 10 is arranged on a ground 
plane means 20. The first end of the loop structure is 

30 preferably galvanically connected to ground but can 

alternatively be capacitively connected to ground. If 
galvanically connected to ground said first end of the 
radiating structure can be provided with connection pins 
passing through holes in the ground plane means 20 acting as a 

35 ground plane or through holes in a metallic sheet acting as a 
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ground plane. The pins are then preferably soldered to the 
ground plane means 20 or the metallic sheet. 

The ground plane means 20 includes a substrate with a 
conductive portion of a proper size is sufficient for the 
antenna function, and the antenna device 1 can be mounted to a 
vehicle. However, if the antenna device 1 is mounted at a small 
height e.g. 0 . 5 mm above a vehicle roof or body, conductive 
portions of the vehicle are coupled, capacitively, to the 
conductive portion of the ground plane means 20. In this case 
said conductive portions also act as ground plane. The 
radiation of the antenna is however dependent on the size of 
the ground plane. 

The conductive radiating structure formed as an elongated open 
loop 10 is shown to be arranged orthogonal to the ground plane 
means 20. As mentioned above the first end of the conductive 
radiating structure formed as an elongated open loop is 
galvanically or capacitively coupled to the ground plane means 
20. The second end 14 of the conductive radiating structure 
formed as an elongated open loop is electrically isolated from 
the ground plane means 20. A transmission line/feed line e.g. a 
coaxial cable 19 is with its electrical shielding connected to 
ground or directly to the first end of the conductive radiating 
structure formed as an elongated open loop 10. A central 
conductor 15 in the coaxial cable 19 is connected to the second 
end 14 of the conductive radiating structure formed as an 
elongated open loop 10. Said second end being in thus 
embodiment a feed portion. 

The conductive radiating structure formed as an elongated open 
loop 10 is preferably manufactured by stamping or cutting out 
the structure from a conductive plate e.g. metal plate. The 
width of the conductive radiating structure formed as an 
elongated open loop in the plane of the radiating structure is 
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essentially larger than the thickness perpendicular to the 
plane of the structure. Said conductive radiating structure 
formed as an elongated open loop can be arranged on a carrier 
in the form of a dielectric substrate. Alternatively, said 
radiating structure could be made out of an electrical 
conductor having for example a round, rectangular or triangular 
cross section. The structure could in a further alternative be 
formed on a dielectric carrier by printing or etching. 

A surface defined by the conductive radiating structure formed 
as an elongated open loop 10 is preferably orthogonal to the 
ground plane means 20. However, said surface of the conductive 
radiating structure formed as an elongated open loop 10 can be 
arranged at an angle a with respect to said ground plane, 
where said angle a is in the range of 30-150°. Said surface of 
the conductive radiating structure formed as an elongated open 
loop 10 is preferably a plane surface but can be curved or 
folded in a C-shaped or V-shaped manner respectively. 

The direction of polarisation is orthogonal to the ground plane 
means 20. The conductive radiating structure formed as an 
elongated open loop 10 radiates the desired frequency in a 
omnidirectional pattern. 

With reference to Figure 5, a fourth embodiment of an antenna 
device 1 according to the invention is shown. The antenna 
device is arranged for transmission/reception of RF waves in at 
least one frequency band, e.g. in the 900 MHz band. 

The antenna device 1 is to be connected to a radio 
communication device (not shown) arranged to a vehicle. As 
shown in the figures, the antenna device 1 is arranged on a 
ground plane means 20, such as a vehicle body. This ground 
plane means 20 will act as a ground plane. The ground plane 
means 20 can be replaced by a conductive ground plane of proper 
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size in a radio communication device, e.g. a PCB (printed 
circuit board) . 

The antenna device 1 comprises a conductive radiating structure 
5 10 for transmission/reception of RF waves in said frequency 
band (s) . 

The conductive radiating structure 10, being in this embodiment 
essentially rectangular shaped, comprises a first end 12, a 

10 second end 14, a tuning/matching means 16 and an bridge 
connector 18. A second elongated open loop (or internal 
elongated open loop) in said structure 10 is defined by the 
path from the first end to the second end via the bridge 
connector 18. A first elongated open loop (or an external 

15 elongated open loop) is defined as a longest path from the 
first end to the second end in the conductive radiating 
structure 10. In figure 4 the tuning/matching means 16 is with 
a first side capacitively and inductively coupled to a second 
side of the bridge connector 18 and partly with a second side 

2 0 capacitively and inductively coupled to a common side of the 
rectangular shaped first and second elongated open loops 
located closest to the ground plane. Said bridge connector 18 
having a first side capacitively and inductively coupled to a 
side of the first rectangular shaped elongated open loop 

25 located furthest away from the ground plane. The opening 17 of 
the first and second elongated open loop structures is in this 
embodiment located at a corner of the rectangel between the 
tuning/matching means 16 and the ground plane means 20. 
However, the opening 17 can be arranged somewhere along the 

30 common side of the first and second elongated open loops. 

Due to the frequency dependence of the inductive coupling the 
second elongated open loop has a small influence to the lower 
frequency band but much higher to the higher frequency band. 
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Thus a more efficient optimization is possible for two or 
multiband service. 



In figure 5 the tuning/matching means 16 is with a first side 
5 capacitively and inductively coupled to a side of the 

rectangular shaped radiating structure 10 located perpendicular 
to the ground plane means 20. The tuning/matching means is 
introduced to optimize performance in the highest band only. In 
this embodiment said tuning/matching means can be seen as an 

10 extra mono pole. Said bridge connector 18 having a first side 
capacitively and inductively coupled to a side of the first 
rectangular shaped elongated open loop located furthest away 
from the ground plane. Said bridge connection having parts of a 
second side capacitively and inductively coupled to an open 

15 portion 17 of the common side of the rectangular shaped first 
and second elongated open loops located closest to the ground 
plane. The opening portion 17 of the first and second elongated 
open loops is in this embodiment located in a middle of the 
common side of said rectangular shaped loops being located 

20 closest to the ground plane. 

The conductive radiating structure formed as a first and second 
elongated open loops 10 is to be connected to a 
transmission/feed line. The transmission line/feed line that 
could be a coaxial cable 19 is with its central conductor 15 

25 feeding the radiating structure at the second end being a feed 
portion. The transmission/feed line is connected to transceiver 
circuits of a radio communication device. 



The first end 12 of conductive radiating structure 10 is 
30 connected to ground. The distance between the first end 12 and 
the second end 14 along the second elongated open conductive 
radiating structure is in the range of X/A-X, where X is the 
wavelength of the desired frequency in the frequency band to be 
received/transmitted by the antenna. The first elongated open 
35 loop can be tuned to its desired frequency by adjusting said 
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distance between the first and second ends 12, 14, by cutting 
at the second end 14 of the conductive radiating structure 10. 
The distance between the first end 12 and the second end 14 
along the first elongated open loop is dependent on the choice 
5 of frequency band. If the second elongated loop is adjusted to 
operate at a frequency at 1800 MHz and the first elongated loop 
is adjusted to receive a frequency at 900 MHz the relation 
between the distance between the first 12 and second ends of 
the first and second elongated loop is about 2:1. 

10 

The conductive radiating structure 10 is arranged on a ground 
plane means 20. The first end of the radiating structure is 
preferably capacitively connected to ground but can 
alternatively be galvanically connected to ground. If 

15 galvanically connected to ground said first end of the 

radiating structure can be provided with connection pins 
passing through holes in the ground plane means 20 acting as a 
ground plane or through holes in a metallic sheet acting as a 
ground plane. The pins are then preferably soldered to the 

20 ground plane means 20 or the metallic sheet. 

The ground plane means 20 with a conductive portion of a proper 
size is sufficient for the antenna function, and the antenna 
device 1 can be mounted to a vehicle. However, if the antenna 

25 device 1 is mounted at a small height e.g. 0.5 mm above a 

vehicle roof or body, conductive portions of the vehicle are 
coupled, preferably capacitively, to the ground plane means 20. 
In this case said conductive portions also act as ground plane. 
However, the radiation of the antenna is dependent on the size 

30 of the ground plane. 

The conductive radiating structure 10 is shown to be arranged 
orthogonal to the ground plane means 20. As mentioned above the 
first end of the conductive radiating structure is galvanically 
35 or capacitively coupled to the ground plane means 20. The 
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second end of the conductive radiating structure is 
electrically isolated from the ground plane means 20. A 
transmission/feed line e.g. a coaxial cable 19 is with its 
electrical shielding connected to ground or directly to the 
5 first end of the radiating structure. A central conductor in 
the 19 cable is connected to the second end of the conductive 
radiating structure. 

The conductive radiating structure 10 is preferably 
10 manufactured by stamping or cutting out the structure from a 
conductive plate e.g. metal plate. The width of the first and 
second elongated open loops in the conductive radiating 
structure 10 in the plane of the radiating structure is 
essentially larger than the thickness perpendicular to the 
15 plane of the structure. Said radiating structure can be 

arranged to a dielectric substrate by means of rivets, screws, 
glue, tape or other equivalent means. Alternatively, said 
radiating structure could de made out of a electrical conductor 
having for example a round, rectangular or triangular cross 
20 section. The structure could in a further alternative be formed 
on a dielectric carrier by printing or etching. 

A surface defined by the conductive radiating structure is 
preferably orthogonal to the ground plane. However, said 
25 surface of the structure can be arranged at an angle a with 
respect to said ground plane, where said angle a is in the 
range of 30-150°. Said surface of the structure is preferably 
plane but can be curved or folded in a C-shaped or V-shaped 
manner respectively. 

30 

The direction of polarisation is orthogonal to the ground 
s plane. The loop structure 10 radiates the desired frequency in 

a omnidirectional pattern. 
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Figure 6 shows yet another embodiment where the feeding point 
is moved from the second end of the elongated open loop to a 
point near the first end 12 but still close to the ground plane 
means 20. This will change the impedance level but will 
basically maintain the frequency dependence of the impedance. 

The conductive radiating structure can be mounted on a 
substrate together with another antenna device, e.g. a GPS 
antenna forming an antenna assembly. Said antenna assembly can 
be covered and protected by a housing. The substrate is 
preferably made of a dielectric material which could be 
provided with a conductive pattern connected to ground. 

In the previous embodiments the antenna means has been provided 
with a ground plane means 20. When mounted on a vehicle, this 
ground plane means 20 can be coupled to conductive portions of 
the vehicle galvanically and/or capacitively . Alternatively the 
ground plane means 20 can be omitted and the conductive 
portions of the vehicle act as ground plane means. 
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CLAIMS 

1. An antenna means for transmitting and/or receiving RF 
signals in at least a first frequency band, comprising: 

5 - a ground plane means (20) arranged to be connected to 

ground of a circuitry of a radio communication device, 

a conductive radiating structure (10) having a first end 
(12) and a second end (14), 

said conductive radiating structure (10) is arranged 
10 separated from the ground plane means (20), 

characterised in that 

said conductive radiating structure is formed as at 
least a first elongated open loop, 

said first end (12) is arranged to be connected to 
15 ground of said radio communication device, and 

a feed portion is arranged in vicinity of the first 
and/or second ends . 

2. The antenna means according to claim 1, characterised in 
that said second end being a feed portion. 

20 3. The antenna means according to claim 1 or 2, 

characterised in that said conductive radiating structure 
(10) having a total length of X/4-X at a frequency in the 
frequency band to be received and/or transmitted by the 
antenna. 

25 4. The antenna means according to any of the claims 1-3, 

characterised in that said conductive radiating structure 
(10) being a flexible film attached to a dielectric 
substrate . 
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5. The antenna means according to any of the claims 1-4, 
characterised in that said conductive radiating structure 
(10) exhibits at least a planar section, said planar 
section is forming an angle (a) with said ground plane 
means, where (a) is in the range of 30-150°. 

6. The antenna means according to claim 5, characterised in 
that a surface of said conductive radiating structure (10) 
being curved or folded such as to include C-shapes or V- 
shapes . 

7. The antenna means according to any of the preceding 
claims, characterised in that said conductive radiating 
structure (10) being meander shaped. 

8 . The antenna means according to any of the preceding 
claims, characterised in that it further comprises a 
tuning/matching means (16) for tuning/matching to one or 
multiple frequencies - 

9. The antenna means according -to claim 8, characterised in 
that said tuning/matching means (16) is' an electrical 
conductor having a first end and a second end, where said 
first end being arranged to said at least one elongated 
open loop, said second end being a free end and at least a 
part of at least one side of said conductor is capacitively 
coupled to said at least one elongated open loop. 

10. The antenna means according to claim 9, characterised 
in that said electrical conductor (16) being meander 
shaped. 

11. The antenna means according to any of the preceding 
claims, characterised in that it further comprises at least 
one bridge connector (18) being an electrical conductor 
with a first end and a second end, each connected to 
different parts of said at least one elongated open loop. 
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12. The antenna means according to claim 11, characterised 
in that a side of said bridge connector (18) is 
capacitively and inductively coupled to a side of a first 
elongated open loop in said conductive radiating structure 
(10) . 

13. The antenna means according" to claim 11 or 12, 
characterised in that said tuning/matching means (16) is 
arranged close to said bridge connector (18) for forming a 
capacitive and inductive coupling therebetween. 

14. The antenna means according to claim 11-13, 
characterised in that said bridge connector (18) is meander 
shaped. 

15. The antenna means according to any of the preceding 
claims, characterised in that the first end of the 
conductive radiating structure (10) is coupled to ground. 

16. An antenna assembly including an antenna means (1) 
according to any preceding claim, wherein the assembly 
comprises at least one further antenna element for 
transmitting/ receiving radio frequency signals, for 
instance, a GPS antenna. 
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^ (57) Abstract: The present invention relates to an antenna means for transmitting and/or receiving RF-signals in at least a first fre- 
quency band. The antenna means comprising a ground plane means (20) arranged to be connected to ground of a circuitry of a radio 

Q communication device, a conductive radiating structure (10) having a first end (12) and a second end (14), where said conductive 
radiating structure (10) being separated from the ground plane means (20). Said first end (12) being connected to ground and said 

e^" second end (14) being a feed portion. 
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I further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are punishable by fine or Imprisonment or both, under section 1001 of Title 18 of the 
United States Code; and that such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 
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